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Abstract Ovarian cancer is the most deadly gynecological
cancer. The first line in treatment is platinum-based drugs.
However, most patients suffer from tumor recurrence, charac-
terized by resistance to cisplatin. A plausible approach to ad-
dress the tumor resistance is to co-administer the chemother-
apeutic agents along with natural products to offer a synergis-
tic effect and optimize the dosage regimen. Cucurbitacin B is a
natural product and displays antitumor activity against a wide
array of cancer cell lines. The aim of this work is to determine
the antitumor activity against ovarian cancer cell line (A2780)
and possible sensitization activity on cisplatin-resistant cell
line (A2780CP) in 2D and 3D culture model. 3D spheroids
were generated from A2780CP cell line. A2780, A2780CP,
and the spheroids were treated with cucurbitacin B, cisplatin
alone, or pretreated with cucurbitacin B followed by cisplatin.
The viability, cell cycle, and apoptosis were analyzed. Level
of ROS and total glutathione was measured. In this study,
cucurbitacin B showed cytotoxicity against the ovarian cancer

cell lines, and pretreatment of A2780CP cells leads to a sig-
nificant increase in the cytotoxicity of cisplatin. The mecha-
nism behind the sensitization effect was dependent in part on
the depletion of the total glutathione, an increase in ROS
through a decrease in the level of dual-specificity tyrosine-
regulated kinase (Dyrk1B), decrease in pERK1/2 and
pSTAT3 level. The viability of spheroids treated with a com-
bination of cisplatin and cucurbitacin B were significantly
decreased. The resulting data shows that cucurbitacin B is a
promising chemosensitizer for the cisplatin-resistant ovarian
cancer.
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Introduction

Ovarian cancer is the most deadly gynecological cancer and
known as a Bsilent killer^ because, when diagnosed, the dis-
ease usually has already spread into the peritoneum through
the detachment of spheroids. The 5-year survival rate is over
90 % for patients who are diagnosed early and decreases to
30 % for late diagnoses [1, 2]. The spheroids are resistant to
the common therapeutic drugs such as cisplatin. The resis-
tance could be in part due to the low penetration rate of the
drug through the spheroids, hypoxic conditions, and the low
proliferating cells inside the spheroid, dormant [3, 4]. The first
line in chemotherapy for ovarian cancer is platinum-based
drugs. These are typically administered as a single drug or in
a combination with taxanes. However, most patients suffer
from tumor recurrence, characterized by resistance to cisplat-
in. There are different mechanisms in the resistance induction
such as the overexpression of drug-efflux proteins, increasing
the redox proteins leading to drug inactivation, elevating DNA
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damage tolerance, and enhancing antiapoptotic proteins [5, 6].
Therefore, an urgent need remains to find a novel approach in
the treatment of drug-resistant ovarian cancer. A plausible
approach to address the tumor resistance is to co-administer
the chemotherapeutic agents along with natural products to
offer a synergistic effect and optimize the dosage regimen.

Nuclear factor kappa B (NFκB) is one of the transcription
factors that regulate the gene expression of several genes re-
sponsible for regulating immune, stress response, and cell
survival. NFκB induces the expression of antiapoptotic genes
in response to either the death receptor or mitochondrial apo-
ptosis [7]. Those antiapoptotic proteins such as cellular inhib-
itor of apoptosis (c-IAP) and X-chromosome linked IAP
(XIAP) [8] increase the rate of resistance of tumor to the
chemotherapeutic drugs. Signal transducer and activator of
transcription 3 (STAT3), on activation, its phosphorylated
form translocates into the nucleus leading to the expression
of genes required for different physiological functions such as
cell proliferation, differentiation, and survival [9]. pSTAT3
was found in greater levels in the drug-resistant cell lines
and in the high-grade ovarian cancers [10, 11]. Recently, it
was revealed that silencing STAT3 in resistant ovarian cancer
cells leads to an increase in the apoptotic rate [12]. Taking
together, these data suggest that STAT3 is an emerging mo-
lecular target for treatment of these types of tumors [9, 12].

Extracellular-regulated kinase (ERK1/2) belongs to
mitogen-activated protein (MAP) kinases which regulates cell
growth, differentiation, and survival in response to an extra-
cellular signal such as growth factors [13]. In addition to the
prosurvival role of ERK1/2, it induces apoptosis as well. The
persistent activation of ERK1/2 leads to glutamate-induced
oxidative cytotoxicity in neuronal cells [14]. DNA damage
by chemotherapeutic drugs such as cisplatin and etoposide,
adriamycin, and ionizing irradiation activates ERK1/2, which,
in turn, activates proapoptotic proteins such as BAX and the
release of cytochrome c into the cytoplasm. Contrary to the
previous report of ERK1/2 activation, it was found that inhi-
bition of ERK1/2 sensitizes ovarian cancer cells to cisplatin
cytotoxicity [15, 16]. It can be concluded from this conflicting
reported data, ERK1/2 possesses a dual function (proapoptotic
and antiapoptotic). Wulfkuhle et al. has shown via coupling
reverse-phase protein array technology with laser capture mi-
crodissection that the signaling pathway such as ERK1/2 and
its phosphorylation state may be a patient-dependent rather
than stage type. This hypothesis is a result of the pERK1/2
level only being slightly higher in late stage but considerably
different within the same stage [17].

Following cytoreductive surgery and chemotherapy of
ovarian cancer, deposits of residual tumors, spheroids, can
be found in half of the patients. The recurrent tumor in these
patient does not respond to chemotherapy [18]. The cells in
dormant state (quiescent state) can resist the nutrient deficien-
cy, hypoxia, and acidic conditions. Dual-specificity tyrosine-

regulated kinase (Dyrk1B), also known as minibrain-related
kinase (Mirk), is a serine/threonine kinase. It plays a role in
maintaining the viability of quiescent cells by reducing the
level of the reactive oxygen species (ROS) via upregulation
of antioxidant enzymes, superoxide dismutase, and ferroxi-
dase in ovarian cancer cells. The depletion of Dyrk1B by
miRNA leads to the sensitization of the resistant cells to cis-
platin [19]. Elevated levels of reduced glutathione in different
cancer types leads to an increase in the drug resistance due to
the inactivation of cisplatin by conjugation to the nucleophilic
group, increasing the DNA repair [20] or elevated level of the
antiapoptotic B cell lymphoma 2 (Bcl-2) protein [21].

Therefore, co-administration of natural products along with
chemotherapeutic agents has been investigated as a potential
therapeutic approach toward sensitization of the resistant cells
toward platinum-based compounds. Cucurbitacins are
tetracyclic triterpene natural products that are mainly found
in the members of family Cucurbitaceae. In India and China,
it is used as remedies because they exhibit different biological
activities such as antiinflammatory, antidiabetic, and antican-
cer activities against different cancer cell lines [22].
Cucurbitacin B displays antitumor activity against a wide ar-
ray of cancer cell lines such as breast, colon, leukemia, hepat-
ic, pancreatic and glioblastoma, and xenografts [22–24].
Cucurbitacin B possesses synergetic activity with cisplatin in
squamous cell carcinoma [25], gemcitabine in the treatment of
pancreatic cancer [26], and methotrexate in osteosarcoma
treatment [27].

The effect of cucurbitacin B on ovarian cancer cell lines
previously has not been evaluated. The aim of this work is to
determine the antitumor activity against ovarian cancer cell
line (A2780) and possible sensitization activity of
cucurbitacin B on cisplatin-resistant ovarian cancer cell line
(A2780CP) in 2D and 3D culture model. 3D cell culture has
proven to be a physiologic mimic of the in vivo tissue because
they produce a similar cellular microenvironment [28, 29].

Material and methods

Ovarian cancer cell lines and the drugs

The cisplatin-sensitive (A2780) and cisplatin-resistant
(A2780CP) ovarian cancer cell lines [30] were obtained from
Dr. Stephen Howell, University of California, San Diego. The
cells were maintained in RPMI-1640 (Thermoscientific™
Hyclone™) supplemented with 10 % fetal bovine serum
(FBS) (Thermoscientific™ Hyclone™) and 1 % pencillin
( 1 0 0 I U / m L ) / s t r e p t o m y c i n ( 1 0 0 μ g / m L )
(Corning™Cellgro™). In order to maintain the resistance,
1 μM cisplatin was added to the medium every two to three
passages. Cisplatin (cis-diamineplatinum(II) dichloride) was
obtained from Sigma and dissolved in 0.9 % saline then stored
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as 8 mM stock solution at −20 °C. Cucurbitacins were isolated
from Cucurbita texana and characterized by spectroscopic
techniques [31].

Cytotoxicity assay

The sensitive ovarian cancer cells (A2780) and the cisplatin-
resistant cells (A2780CP) were seeded in 96-well plate as 5×
104 cells/mL (100 μL/well). A serial dilution of cucurbitacins
was added after overnight incubation of the cells at 37 °C and
5 % CO2. Dimethyl sulfoxide (DMSO) was used as a control
(0.1 %). The cells were incubated with the cucurbitacin or
cisplatin for 48 h. After that, 15 μL of 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
(5 mg/mL phosphate-buffered saline (PBS)) were added to
each well, and the plate was incubated for another 4 h. The
formazan crystals were solubilized by 100 μL acidified sodi-
um dodecyl sulfate (SDS) solution (10 % SDS/0.01 NHCl).
The absorbance was measured after 14 h of incubation at
37 °C and 5 % CO2 at 570 nm by Biotek plate reader.

Sensitization assay

The cells were seeded as in cytotoxicity assay and incubated
with cucurbitacins for 1, 2, 4, 8, and 24 h followed by addition
of serial dilutions of cisplatin (5 mM/mL NaCl) then incubat-
ed for a total of 48 h. The viability of the cells was measured
by MTT. The control was cells treated with both DMSO and
NaCl.

Cell cycle analysis

The cells were seeded 2.5×105 cells/mL in a 6-well plate
(2 mL/well) and allowed to adhere overnight at 37 °C and
5 % CO2. The cells were either incubated with different con-
centrations of cucurbitacin B alone (0.5, 1, 2, 4, and 6 μM) for
24 h or preincubated with 2 μM cucurbitacin B for 24 h then
further incubated for another 24 h with 20 μM cisplatin. The
cells were washed twice with ice-cold 1× PBS and collected
after trypsinzation. The cell pellet was washed two times with
ice-cold 1× PBS and fixed with ice-cold 70 % ethanol over-
night at −20 °C. After that, the cells were washed once with
ice-cold PBS, and the second wash was done with ice-cold
PBS-2 % FBS. The cell pellet was re-suspended in 500 μL
propidium iodide (PI)/RNase (BD Biosciences, BDB550825)
staining solution for 15 min at room temperature (RT) in the
dark and analyzed within 1 h by FacsCalibur, Becton
Dickinson.

Apoptosis assay

The cells were seeded at 2.5×105 cells/mL in a 6-well plate.
The cells were either treated with 2 μM of cucurbitacin B

alone for 24, 48, or 72 h, treated with 40 μM of cisplatin for
48 h or pretreated with 2 μM cucurbitacin B for 2 h then
incubated for 46 h with cisplatin. The cells were collected after
accutase enzyme treatment and washed two times with ice-
cold 1× PBS. The cells were incubated for 2 h at 4 °C in PBS
then centrifuged and re-suspended in 1× binding buffer. Five
microliters of phycoerythrin (PE) annexin-V and 5 μL 7-
amino-actinomycin D (7-AAD) were added to 100 μL of cell
suspension and incubated for 15 min at RT in the dark; then,
400 μL of 1× binding buffer was added to the cell suspension
and analyzed within 1 h by FacsCalibur, Becton Dickinson.
The following controls were used to setup the machine: cells
unstained with PE annexin Vor 7-AAD, cells stained with PE
annexin Vonly, and cells stained with 7-AAD only.

Caspase 3/7 detection

Caspase 3/7 activity was measured by using Caspase-Glo 3/7
assay Promega. A2780CP cells were seeded in 96-well white
walled plate (5×104 cells/mL) and incubated overnight for
attachment. The cells were treated either with DMSO/NaCl
as control, 40 μM cisplatin or pretreated with 2 μM
cucurbitacin B for 2 h then treated with 40 μM cisplatin.
The total incubation time was 48 h. After that, 100 μL of
Caspase-Glo 3/7 detection reagent were added to each well.
After 1 h, the luminescence was measured by using Synergy2,
Biotek. The sensitivity was adjusted to 135, and the integra-
tion time was 1 s. The luminescence values were subtracted
from the no-cell values.

Nuclear fragmentation

A2780CP cells were seeded on a coverslip in 24-well plate
and incubated overnight. After treatment, the cells were fixed
by 3.7 % paraformaldehyde after washing with PBS. The
nuclei were stained for 5 min with 4′,6-diamidino-2-
phenylindole (DAPI) (0.3 μM in PBS). The stained cells were
washed 5× with PBS before mounting on the glass slide by
Fluoromount-G™ (Southern Biotech). The images were cap-
tured by Leica DMI 4000 B microscope at 63× magnification.

Detection of GSH/GSSG ratio

A2780CP and A2780 cells were seeded in 96-well white
walled plate (5×104 cells/mL) and incubated overnight for
attachment. The cells were treated either with DMSO/NaCl,
DMSO, NaCl, cisplatin (10, 20, or 40 μM), pretreated with
2μMcucurbitacin B for 2 h then treated with 10, 20, or 40μM
cisplatin or with cucurbitacin B alone (2 or 4 μM). The total
incubation time was 48 h. The oxidized and total glutathione
were measured according to the instructions of the kit (GSH/
GSSG-Glo™, Promega).
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Detection of ROS

A2780CP and A2780 cells were seeded in 96-well white
walled plate (5×104 cells/mL) and incubated overnight for
attachment. The cells were treated either with DMSO/NaCl,
DMSO, NaCl, cisplatin (5, 10, 20, or 40 μM), pretreated with
2 μM cucurbitacin B for 1 h then treated with 5, 10, 20, or
40 μM cisplatin or with cucurbitacin B alone (1, 2, 4, or
8 μM). The total incubation time was 4 h. ROS level was
detected through the measurement of H2O2 in the cells, be-
cause most of ROS converted to H2O2 and easy to be detected
due to the long half-life [32], according to the instructions of
the kit (ROS-Glo™ H2O2 Assay, Promega).

Generation of spheroids of cisplatin-resistant ovarian
cancer cells (A2780CP)

The spheroids were generated by using GravityPLUS™
Hanging Drop Plate, 500 cells/drop/well. After 4 days, the
spheroids were transferred to the GravityTRAP™ Plate for
longer term maintenance. Spheroids were treated either with
cisplatin (5, 10, 20, or 40 μM), pretreated with 2 μM
cucurbitacin B for 2 h then treated with 5, 10, 20, or 40 μM
cisplatin or with cucurbitacin B alone (2 μM). The total incu-
bation time was 48 h. The cell viability in the 3D culture was
detected by measuring level of ATP by using CellTiter-Glo®
3D Cell Viability Assay, Promega.

Western blot analysis

The cells were seeded and treated as described above then lysed
by 1× RIPA buffer containing 1× protease and phosphatase
inhibitor cocktail. The protein content was quantified by BCA
protein assay kit. Different protein concentrations were loaded
in the well of SDS-PAGE. The protein was transferred to a
nitrocellulose membrane 0.2 or 0.45 μm for 45 or 90 min at
100 or 90 V, respectively. The membrane was reacted with the
primary antibodies (Online resource 1 Table S1). GAPDH or
β-actin was used as a loading control. The secondary antibody
(Online resource 1 Table S1) was applied to the membrane and
was detected either with the GE Healthcare Amersham ECL
Plus Western Blotting Detection Reagents (Piscataway, NJ),
and the signal was recorded by a UVP gel documentation sys-
tem (UVP, Upland, CA) or by Odyssey® Imager.

Results

Cytotoxicity and sensitization screening of cucurbitacins
on ovarian cancer cell lines

To determine the cytotoxicity of cucurbitacins on ovarian can-
cer cells, the cells were treated for 48 h and the viability was

determined by MTT assay. Fig. 1a, b shows the cytotoxic ef-
fects of the cucurbitacins on cisplatin sensitive and resistant cell
lines. Table 1 summarizes the IC50 values of each cucurbitacin
and reveals cucurbitacin E as the most active compound against
both cell lines. The sensitization activity of each cucurbitacin
was tested by preincubating the cells for different time points
with cucurbitacins, according to their respective IC50 values,
followed by incubation with serial dilutions of cisplatin or treat-
ed with cisplatin alone for 48 h. It was found that a shorter
preincubation with cucurbitacins and a longer incubation time
with cisplatin provided a more synergetic effect (Online re-
source 1 Fig. S1). One hour of pretreatment followed by 47 h
of incubation with cisplatin significantly increased the cytotox-
icity of cisplatin toward the cisplatin-resistant ovarian cancer
cell line (Fig. 1c). The tested cucurbitacins showed variable
ability in the sensitization, and isocucurbitacin D showed the
greatest synergetic activity. The IC50 values for cisplatin were
significantly reduced due to sensitization (Table 2).

In this study, cucurbitacin B was chosen for further inves-
tigation because it is the most abundant and available
cucurbitacin, and its activity toward ovarian cancer was not
previously reported. According to Chou [33], one fourth and
four times the IC50 value of cucurbitacin B were used in the
sensitization experiment. Cucurbitacin B with different con-
centrations (0.5, 1, 2, 4, 6, and 8 μM) showed the same effect
on the resistant ovarian cancer cells, rendering them sensitive
to cisplatin toxicity (Fig. 1d). It was further investigated
whether the short pretreatment of the cells with cucurbitacin
B will have asimilar sensitization effect or not. Results re-
vealed that just 1-h preincubation of cells with cucurbitacin
B leads to sensitization of the resistant cells to cisplatin
(Fig. 1e). The viability of the pretreated cells were determined
at different time intervals after treatment with cucurbitacin B
alone via MTT assay. More than 90 % of the cells were still
viable after treatment with cucurbitacin B alone (Fig. 1f).

Cucurbitacin B effect on cell cycle distribution

The cells were incubated with different concentrations of
cucurbitacin B for 24 h; then, the DNA content was quantified
in each phase of the cell cycle. The cells treated with
cucurbitacin B alone were arrested permanently at G2/M phase,
even at one fourth its IC50 value (Fig. 2a). G2/M phase was
increased twofold to threefold for both cell lines (Fig. 2a, c).
The cell cycle arrest at G2/M phase was confirmed by detection
of cyclin B1 level in the cell lysate byWestern blot. The level of
cyclin B1 was slightly decreased (Fig. 2b, d). The effect of
combining cucurbitacin B and cisplatin on the cell cycle was
investigated next. The sensitive and cisplatin-resistant cells
were treated with cucurbitacin B for 24 h followed by another
24 h with cisplatin. The cells were then stained with propidium
iodide after RNase treatment to quantify the DNA content.
Cisplatin alone arrested a low number of cells at G2/M phase
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while the pretreatment of cells with 2 μM cucurbitacin B led to
a significant increase of the cells that were arrested at G2/M
phase (Fig. 2e, g). Following cisplatin treatment, the cyclin B1
level was increased while the pretreatment with cucurbitacin B
led to a decrease in the cyclin B1 level in the cell lysate leading
to G2/M arrest (Fig. 2f, h).

Increasing rate of apoptosis by cucurbitacin B

The detection of apoptosis and discrimination between the
viable and nonviable cells were done using 7-AAD and PE

annexin-V. The treatment of cisplatin-resistant ovarian
cancer cell line (A2780CP) with 2 μM cucurbitacin B
for different times led to the induction of apoptosis
(Fig. 3a), and the percentage of the cells that stained
with 7-AAD and PE annexin-V was increased with in-
creasing the time of incubation, from 1.38 to 34.17 %
after 72-h treatment (Fig. 3e). Immunofluorescence
staining for the nucleus by DAPI showed the morpho-
logical pattern of the apoptotic cells, cell shrinkage,
chromatin condensation, and nuclear fragmentation
(Fig. 3f).

Fig. 1 Cytotoxicity of cucurbitacins on ovarian cancer cells. a Cisplatin-
sensitive (A2780) and b cisplatin-resistant (A2780CP) were incubated
with cucurbitacins for 48 h, and DMSO was used as a control. The cell
viability was detected by MTT assay. c Sensitization activity of
cucurbitacins for the resistant ovarian cancer cells. The cells were
pretreated for 1 h with the indicated concentrations of cucurbitacins (B,
D, Iso D, E, and E glucoside) and incubated for 48 h total with serial

dilutions of cisplatin. Sensitization of the cisplatin-resistant ovarian
cancer cell line (A2780CP) by cucurbitacin B. d The cells were treated
with different concentrations (μM) of cucurbitacin B for 24 h or e cells
pretreated for different time points with 1 μM cucurbitacin B then treated
with serial dilutions of cisplatin. The total incubation time was 48 h. The
cells treated with DMSO and NaCl were considered as the control. f
Cytotoxicity of cucurbitacin B alone on the cells at different time intervals

Table 1 Summary of IC50 values of cucurbitacins on cisplatin-sensitive
(A2780) and cisplatin-resistant (A2780CP) ovarian cancer cell lines

Compounds A2780 A2780CP
IC50 (μM, mean ± SD)

Cucurbitacin B 2±0.02 3±0.5

Cucurbitacin D 1.4±0.1 6±0.5

Isocucurbitacin D 2±0.2 4±0.03

Cucurbitacin E 0.2±0.01 0.6±0.02

Cucurbitacin E glucoside 4±0.05 10.4±0.01

The IC50 was represented as the mean ± SD (n=3)

Table 2 Pretreatment of the cisplatin-resistant ovarian cancer cells with
cucurbitacins reduced the IC50 values for cisplatin

Compounds IC50 (μM)

Cisplatin 40±2.5

Cucurbitacin B 2 μM 1.5±0.05

Cucurbitacin D 6 μM 1±0.02

Isocucurbitacin D 4 μM 0.03±0.01

Cucurbitacin E 0.6 μM 0.07±0.01

Cucurbitacin E glucoside 10.4 μM 2±0.02

IC50 was represented as the mean ± SD (n=3)
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Synergetic effect on apoptotic induction by cisplatin

Apoptosis rate was detected after treatment with cisplatin
alone or with combined treatment of cucurbitacin B and cis-
platin. Detection of the viability of the cells by MTT showed
that the 2-h pretreatment with cucurbitacin B followed by
cisplatin for 46 h sensitizes the cells to the cytotoxicity of
the cisplatin. Therefore, the apoptotic induction was detected
in these models of cell treatment. As shown in Fig. 4a, b, 2-h
treatment of the cells with 2 μM cucurbitacin B and incuba-
tion for another 46 h with cisplatin increased the number of
apoptotic cells. The same significant increase was found when
the cells were treated for 24 h with 2 μM cucurbitacin B and
another 24 h with 40 μM cisplatin (Fig. 4c, d). The increase in
apoptotic rate was confirmed by immunostaining of the nuclei
with DAPI. The cisplatin-treated cells showed a lower number
of apoptotic cells (Fig. 4g) while the pretreatment for 2 h led to
a significant increase in this number (Fig. 4h). Further confir-
mation of the synergetic effect of cucurbitacin B toward cis-
platin cytotoxicity was shown by measuring the level of acti-
vated caspases 3 and 7 using aluminance assay. As seen in
Fig. 4e, the pretreatment of cells led to a significant increase in
the activated caspases 3 and 7. The cleaved caspases 3 were
detected by Western blotting for the lysate, and the results of
cucurbitacin B treatment showed an increase in the cleaved
caspases 3 in a dose-dependent manner (Fig. 3h). Pretreatment
of the cells with cucurbitacin B followed by cisplatin led to an

increase in the procaspase 3 and the corresponding cleaved
fragment in comparison to the treatment with cisplatin alone
(Fig. 4i, Online resource 1 Fig. S2).

Mechanism of cytotoxic and synergetic effect
of cucurbitacin B

NFκB regulates and inhibits apoptosis through the overex-
pression of antiapoptotic proteins such as Bcl-2 [8]. The level
of NFκB p65 either in the total lysate or in the nuclear extract
was detected after cell treatment with indicated concentrations
of cucurbitacin B. As seen in Fig. 3h, the level of NFκB p65
was increased in a concentration-dependent manner; then, at
8 μM, the level was decreased in the resistant cells while the
sensitive one showed a decreased in the level at 0.5 μM
cucurbitacin B (Online resource 1 Fig. S2). The effect of
cucurbitacin B treatment on the translocation of NFκB p65
subunit into the nucleus was detected. We found that the level
was decreased after cucurbitacin B treatment of both cell lines
(Fig. 3h and Online resource 1 Fig. S2). In comparison to the
single-drug treatment, the NFκB p65 subunit was absent in
the combination treatment in both total lysate and the nuclear
extract of sensitive and resistant cells (Fig. 4i, Online resource
1 Fig. S3).

The inhibition of NFκB p65 activity was confirmed by the
detection of antiapoptotic Bcl-2 protein. The cells were treated
with the indicated concentrations of cucurbitacin B, and the

Fig. 2 Cucurbitacin B treatment leads to cell cycle arrest at G2/M phase.
The sensitive ovarian cancer cells A2780 (a) or A2780CP (c) were treated
with the indicated concentrations of cucurbitacin B for 24 h. Then, the
DNA content was quantified by propidium iodide and analyzed within
1 h by FACSCalibur. c and d shows the slight decrease in the cyclin B1
level in cisplatin sensitive and resistant, respectively, treated cells with the
indicated concentrations (μM). The pretreatment of the ovarian cancer

cells with cucurbitacin B increased the level of the arrested cells in G2/M
phase. e A2780 and g A2780CP cells were incubated either with 20 μM
cisplatin for 24 h or pretreated with 2 μM cucurbitacin B for 24 h
followed by 24 h with 20 μM of cisplatin. f and h Cyclin B 1 level
after either treatment with 20 μM cisplatin for 48 h or pretreatment for
24 h with 2 μM cucurbitacin B then another 48 h with 20 μM cisplatin
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results showed a decrease in the level at higher concentrations
(Fig. 3h). Bcl-2 level was significantly reduced in the sensi-
tized cells by cucurbitacin B for 24 h (Fig. 4i). Bcl-2 inhibits
Bcl-2-associated X protein (BAX) which regulates the mito-
chondrial outer membrane permeabilization which according-
ly controls the activation of apoptotic caspases [34].
Therefore, the level of BAX was determined after single or
combined drug treatment. Fig. 3h shows that BAX level was
increased after cucurbitacin B treatment for 48 h and greatly
increased in the cells treated with both cucurbitacin B and
cisplatin (Fig. 4i). Proteolytic cleavage of poly (ADP)-ribose
polymerase 1 (PARP-1) by caspases 3 and 7 is a hallmark of
apoptosis. Cucurbitacin B led to an increase in the cleaved
PARP-1 in both cell lines (Fig. 3h, Online resource 1
Fig. S2) while the treatment with both cucurbitacin B and
cisplatin significantly increased the cleaved fragment along
with complete disappearance of the full-length PARP
(Fig. 4i, Online resource 1 Fig. S3).

Tan and his researchers [35] showed that the endogenous
expression level of apoptotic protease activating factor 1
(Apaf-1) in ovarian cancer tumor is not predictive to the cis-
platin response. Even when Apaf-1 level was higher in the
tumor, it did not respond to the treatment indicating a dysfunc-
tion in Apaf-1. For this reason, we propped the lysate after 48-h

treatment for Apaf-1 to detect its level, the cucurbitacin B
treatment led to a nonsignificant increase in Apaf-1 in sensitive
and resistant ovarian cancer cells and a complete disappear-
ance of Apaf-1 at the higher concentration suggesting early
formation of apoptosome before 48 h (Fig. 3h, Online resource
1 Fig. S2), so the level of Apaf-1 was detected at different time
points of incubation with cucurbitacin B (Online resource 1
Fig. S4a). The expression level was increased at earlier times
of incubation then began to decrease suggesting that the Apaf-
1 was degraded after a certain time point. In agreement with
this phenomena is that the sensitized cells by cucurbitacin B
showed a complete disappearance of Apaf-1 and an increase in
the cleaved caspases 9 (Fig. 4i, Online resource 1 Fig. S3)
which were cleaved by apoptosome before the degradation of
Apaf-1. To confirm that the apoptosome could be formed at
early time of incubation, the cytochrome c was detected in the
cytoplasmic extract of resistant cells after treatment with cis-
platin alone for different time points or after pretreatment with
2 μM cucurbitacin B for 2 h followed by cisplatin treatment at
the same time points. Cytochrome c release in the cytoplasm
was higher in the cells that were pretreatedwith cucurbitacin B,
followed by cisplatin for 1 h. The cytochrome c level decreased
with a longer time of incubation, and then, at 24 h, the level
increased greatly in the sensitized cells pretreated with

Fig. 3 Effect of cucurbitacin treatment on the induction of apoptosis. a
The cisplatin-resistant ovarian cancer cells (A2780CP) treated with
DMSO. b Cells treated with 2 μM cucurbitacin B for 24 h. c Cells
treated for 48 h. d Cells treated for 72 h. e Cells detached after
treatment with accutase enzyme and washing two times with PBS then
stained with 7-AAD and PE annexin-V and analyzed by FACSCalibur
within 1 h. The data represented as mean values ± standard deviation (n=
3). f Immunofluorescence staining for the apoptotic cells by DAPI after

DMSO or g 2 μM cucurbitacin B treatment. h Effect of cucurbitacin B
treatment on the expression level of proapoptotic and antiapoptotic
proteins. The cells were treated with different concentrations of
cucurbitacin B (μM) for 48 h. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as a loading control. NFκB nuclear
factor kappa B, NFκB-NE buclear factor kappa B-nuclear extract, PARP
poly ADP ribose polymerase, Bcl-2 B cell lymphoma 2, BAX Bcl-2-
associated X protein, Apaf-1 apoptotic protease activating factor 1
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cucurbitacin B (Online resource 1 Fig. S4b). Cucurbitacin B in
a single treatment induced the release of cytochrome c in the
cytosol at 8 μM after 48 h (Online resource 1 Fig. S4c); then,
the level decreased at 40 μM.

Since the glutathione level in the cells contributes greatly on
the resistance through the inactivation of cisplatin and a major
indicator for oxidative stress, its level was detected. It was
found that the level of total glutathione was highly reduced in
cucurbitacin B-treated cells and in the combination-treated cells
(Online resource 1 Fig. S5). It is known that cisplatin kills the
cells by increasing the level of ROS, so we detected ROS level
and the level of Dyrk1B after exposure to cisplatin alone or in
combination with cucurbitacin B. Cucurbitacin B or cisplatin
alone slightly increased ROS level, but significantly, ROS pro-
duction was increased in combination treatment (Fig. 5a). The
level of Dyrk1B increased in a dose-dependent manner up to
8 μM of cucurbitacin B; then, the level decreased (Fig. 5b, c).
The cells treated with cisplatin alone increased the level of
Dyrk1B while the level in the cells that were pretreated with
cucurbitacin B then cisplatin was decreased in comparison to
the single treatment with cisplatin (Fig. 5d, e).

Cucurbitacin B leads to an alteration in the signaling
pathways

The level of pSTAT-3 was detected after cucurbitacin B
or the combination drug treatment. Cucurbitacin B
showed an effect on the two isoforms of STAT-3 beta
and gamma. It was found that the phosphorylation level
of beta and gamma isoforms was decreased in a dose-
dependent manner in the sensitive cells (Fig. 6a). In
contrast to the sensitive cells, cucurbitacin B showed
only effect at 40 μM and reduced total STAT-3
(Fig. 6c). The combined drug treatment leads to a de-
crease in pSTAT-3 isoforms in A2780 cell line (Fig. 6b)
and a decrease in the resistant cells (Fig. 6d).
Moreover, the level of ERK and its phosphorylated
form was detected. Cucurbitacin B leads to an increase
in the phosphorylated ERK1/2 in a dose-dependent
manner in both cell lines (Fig. 6a, c). In contrast to
the single treatment, cucurbitacin B combined with cis-
platin leads to the complete depletion of pERK1/2
(Fig. 6b, d).

Fig. 4 Effect of short pretreatment of the cisplatin-resistant ovarian
cancer cells with cucurbitacin B. a A2780CP cells were treated for 48 h
with 40 μM cisplatin. b Cells treated for 2 h with 2 μM cucurbitacin B
and 46 h with 40 μM cisplatin. c Cells treated for 24 h with 40 μM
cisplatin. d Cells treated for 24 h with 2 μM cucurbitacin B and 24 h with
40 μM cisplatin. e The level of cleaved caspases 3/7 in cells treated either
with 40 μM cisplatin or pretreated with 2 μM cucurbitacin B for 2 h then
with 40 μM cisplatin for 46 h. The data represented as mean values ±
standard deviation (n=3). f, g, h Immunofluorescence staining for the
apoptotic cells, g cells treated either with 40 μM cisplatin, or h pretreated
with 2 μM cucurbitacin B for 2 h then with 40 μM cisplatin for 46 h;

arrow indicates the damage to nuclei. i Sensitization effect of cucurbitacin
B on the expression level of proapoptotic and antiapoptotic proteins. The
resistant ovarian cancer cells (A2780CP) were treated with the indicated
concentrations of cisplatin (μM) or pretreated with (2 μM) cucurbitacin B
for 24 h followed by 48 h with cisplatin (10 or 20 μM).NFκB-TE nuclear
factor kappa B in total protein extract, NFκB-NE nuclear factor kappa B-
nuclear extract, PARP poly ADP ribose polymerase, Bcl-2B cell lympho-
ma 2, BAX Bcl-2-associated X protein, Apaf-1 apoptotic protease activat-
ing factor 1. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as a loading control
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Cucurbitacin B sensitized the spheroids to cytotoxicity
of cisplatin

We further investigated the effectiveness of cucurbitacin B as
a sensitizer for spheroids generated from the cisplatin-resistant

ovarian cancer cells. The spheroids were either treated with
cucurbitacin B, cisplatin alone or sensitized for 2 h with
cucurbitacin B and incubated for another 46 h with cisplatin.
The viability of the spheroids was measured via detection of
ATP level. Cucurbitacin B alone was able to reduce the

Fig. 5 An increase in ROS production and downregulation of dual-
specificity tyrosine-regulated kinase (Dyrk1B) after cucurbitacin B and
the combination treatments. a The resistant cells were either treated with
cucurbitacin B (2 μM), cisplatin (20 μM), or cucurbitacin B plus cisplatin
(2+20) for 48 h. ROS level was detected by ROS-Glo™ H2O2 Assay,
Promega. The data represented as mean values ± standard deviation (n=

3). b The sensitive and c resistant ovarian cancer cells were treated with
the indicated concentrations of cucurbitacin B (μM) for 48 h. d Sensitive
or e resistant cells either treated with cisplatin for 48 h or pretreated with
2 μM cucurbitacin B for 24 h followed by 48-h treatment with cisplatin.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a
loading control

Fig. 6 Changes in the expression
level of signaling proteins by
cucurbitacin B. a The cisplatin-
sensitive (A2780) and b cisplatin-
resistant ovarian cancer cells
(A2780CP) were treated with the
indicated concentrations of
cucurbitacin B (μM) for 48 h. c
A2780 or d A2780CP cells either
treated with 20 μM cisplatin for
48 h or pretreated with 2 μM
cucurbitacin B for 24 h followed
by 48-h treatment with 20 μM
cisplatin. GAPDH was used as a
loading control. pSTAT-3
phosphorylated signal transducer
and activator of transcription 3,
STAT-3 signal transducer and
activator of transcription 3, pERK
phosphorylated extracellular-
signal-regulated kinase, ERK
extracellular-signal-regulated
kinase, GADPH glyceraldehyde-
3-phosphate dehydrogenase
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amount of ATP which is an indicator for viability at 8 μM
(Fig. 7a). ATP content was reduced after cisplatin treatment,
but the pretreatment of the spheroids just for 2 h significantly
reduced the viability of the spheroid (Fig. 7b). The morphol-
ogy of the spheroids was monitored, and it was found that the
untreated and cisplatin-treated spheroids showed a compact
and cohesive morphology while cucurbitacin B-treated spher-
oids were less compact. In comparison to the single treatment,
the spheroids were completely disaggregated after the com-
bined treatment with cucurbitacin B and cisplatin (Fig. 7c,
Online resource 1 Fig. 6). The interesting finding on the mor-
phology was also observed even with one eighth IC50 of cis-
platin in this study (Online resource 1 Fig. S6).

Discussion

Ovarian cancer is the most deadly gynecological disease in
patients suffering from recurrent cancer. Cisplatin and
carboplatin are the most effective platinum-based drugs for
ovarian cancer treatment. Most solid tumors, such as ovarian
cancer, possess high levels of survival proteins that are respon-
sible for decreasing the response to common chemotherapeu-
tic drugs. Single-drug targeted therapy achieves less than 10%

recovery from recurrent ovarian cancer [18]. In the present
study, cucurbitacin B alone showed an inhibitory effect on
both cisplatin-sensitive and cisplatin-resistant ovarian cancer
cell lines. Moreover, the combination of 2 μM cucurbitacin B
with 5 μM cisplatin leads to a significant increase in the cy-
totoxicity of cisplatin toward the cisplatin sensitive and resis-
tant cells. These combination of drugs was effective on killing
the spheroids generated from resistant cells. Cucurbitacin B
activity against ovarian cancer was through cell cycle arrest at
G2/M phase, an increase in the apoptosis rate through the
alteration in the signaling pathways such as STAT-3 and
ERK1/2, inhibition of NFκB activity, decrease in the total
glutathione, increase in ROS, and decrease in Dyrk1B level
in the cells.

Accumulation of cyclin B1 is required for the transition
from G2 to mitosis through activation of the cyclin-
dependent kinase (Cdk1) leading to the phosphorylation of
different substrates required for cells to move to the mitosis
state [36]. It has been found that cyclin B1 is overexpressed in
low-malignant ovarian cancer [37]. The activation and trans-
location of NFκB p65 after cisplatin treatment leads to the
expression of different survival proteins such as Bcl-2, Bcl-
xl, inhibitors of apoptosis (IAPs) [38] which, in turn, increases
the resistance of the tumor to the treatment [39]. Annunziata

Fig. 7 Effectiveness of cucurbitacin B as chemosensitizer against
ovarian cancer spheroids. Spheroids were generated from cisplatin-
resistant ovarian cancer cells using GravityPLUS™Hanging Drop Plates.
After 4 days, the spheroids either a, c treated with the indicated
concentrations of cucurbitacin B for 48 h, b, c cisplatin (μM), or

pretreated with 2 μM cucurbitacin B for 2 h followed by 20 μM cisplatin
treatment for 48 h. The viability was detected by measurement of ATP
content in the spheroid. The data represented as mean values ± standard
deviation (n=3)
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et al. showed that overexpression of NFκB subunits leads to a
poor prognosis in the patients [40]. Thus, the combination of
natural products that may have NFκB inhibitor activity with
the common chemotherapeutic drugs such as cisplatin is a
practical approach for addressing these undesired cellular re-
sponses. Cucurbitacin B showed an inhibitory effect on NFκB
activity by inhibiting its translocation into the nucleus leading
to a decrease in Bcl-2 and an increase in BAX. However, it
was found that cucurbitacin B did not affect the nuclear trans-
location induced by TNF-α in Hela cells, [41] rather it
inhibited NFκB transcription activity through inhibiting
RelA/p65 transactivation activity[41].

Cucurbitacin B cytotoxicity against other cancer cells is
dependent or independent on the inhibition of STAT-3 phos-
phorylation [42–45], suggesting that the cytotoxicity may be
through another mechanism. In squamous cancer carcinoma,
cucurbitacin B sensitized the cells to cisplatin through the
inhibition of STAT-3 phosphorylation [45]. In the present re-
search, cucurbitacin B inhibited the phosphorylation of STAT-
3 either in the single form or in combination with cisplatin
leading to a decrease in Bcl-2 protein, whose expression is
controlled by STAT-3 activation.

Caspase 3 cleaves 1 16 KDa PARP-1 into 85 and 24 KDa
PARP-1 which are required for DNA repair [46]. It senses the
single DNA strand damage and binds to DNA leading to the
recruitment of proteins required for base excision repair [47].
Overexpression of PARP-1 was correlated to the poor
prognosis and survival of ovarian cancer patients due to
an increase in the DNA-damage repair system [48].
Godoy et al. showed that PARP-1 was overexpressed in
about 61 % of the cases that were studied [49].
Inhibition of PARP-1 is proposed in increasing the sen-
sitivity to DNA-damaging drugs such as cisplatin [50].
Cucurbitacin B induced the cleavage of caspase 9 which
activates caspase 3 leading to inhibition of PARP-1 either
in the single form or in combination with cisplatin.

The effect of cucurbitacin B on the mitogen-activated pro-
tein kinase (MAPK)/ERK1/2 pathway was different for single
treatment compared to its use in combination with cisplatin.
Cucurbitacin B alone led to an increase in the pERK1/2 level
in the cisplatin sensitive and resistant ovarian cancer cells. It
has been reported before that ERK1/2 might have
proapoptotic or prosurvival signals [14]. There are even con-
tradicting reports of the effects cucurbitacin B has on the
phosphorylation state of ERK1/2. In the present report,
cucurbitacin B showed induction of the phosphorylation of
ERK1/2 followed by cell death. Opposite to single treatment,
pretreatment of the cisplatin sensitive and resistant ovarian
cancer cells with cucurbitacin B followed by cisplatin showed
an inhibitory effect on the phosphorylation of ERK1/2 leading
to the induction of apoptosis. These results show the dual
effect of cucurbitacin B on the MAPK/ERK1/2 signaling
pathway.

Impairment of STAT3 phosphorylation was the same in
either single cucurbitacin B treatment or in combination with
cisplatin, leading to an increase in the growth inhibitory effect
of cisplatin. Previously, cucurbitacin B exhibited the same
phenomena on squamous cell carcinoma cells leading to the
sensitization of cells to cisplatin cytotoxicity [45]. One of the
mechanisms for the inactivation of cisplatin in tumor cells is
the presence of high levels of reduced glutathione [51, 52].
Moreover, it was found that the prolonged depletion of gluta-
thione by buthionine sulfoximine leads to a potentiation in
cisplatin cytotoxicity [53]. In nonsmall-cell lung cancer,
cucurbitacin B decreased the level of thiol content in the cells
[54], and in the present study, cucurbitacin B decreased the
level of total glutathione in both single treatment and in com-
bination with cisplatin. As a result, inhibition of the glutathi-
one content in the cisplatin-resistant ovarian cancer cells by
cucurbitacin B led to an increase in the activity of cisplatin.
Silencing of Dyrk1B in ovarian cancer cells sensitized the
cells to cisplatin through an increase in ROS and decrease in
the amount of antioxidant enzymes [19]. Cucurbitacin B treat-
ment showed an increase then decrease in the level of Dyrk1B
at higher concentration. Cisplatin treatment leads to an in-
crease in Dyrk1B as a resistant response from the cells, but
the pretreatment with cucurbitacin B inhibited the increase in
Dyrk1B expression. The decrease in Dyrk1B level was con-
firmed by measuring the level of ROS produced in the treated
cells. Cucurbitacin B alone showed an increase in ROS pro-
duction at 4 μM. Cisplatin induced ROS production, and this
production was highly increased in the cells pretreated with
cucurbitacin B for 1 h.

Cucurbitacin B showed cytotoxic effect on the ovarian
cancer cell lines in the 2D culture model and sensitized the
cells toward the cytotoxicity of cisplatin. Studies showed that
3D tissue culture system resemble the pathophysiological sit-
uation as tumor in human [28] because the gene expression in
the spheroids is identical to the tumor. Ovarian cancer spreads
because of the tumor cells shed from the surface of the ovary
into peritoneal cavity. Once they attach to the mesothelial
layer, they can induce the formation of tumor at distant site
[55]. Unattached tumor cells in the ascites form spheroids.
These spheroids are resistant to chemotherapy and radiother-
apy [56–59]. The cohesivemorphology of the tumor leads to a
low rate of penetration of drugs, high tolerance to the DNA-
damaged effect, overexpression of DNA repair proteins [56].
There are different ways to initiate the formation of spheroids
in vitro and using them as a model in drug discovery and
elucidating the mechanisms of resistance [60–62]. In this
work, the efficacy of cucurbitacin B, cisplatin, or treatment
of spheroids with both drugs was tested. The integrity of
spheroids after cucurbitacin B was changed and was less com-
pact than the control spheroids. Cisplatin-treated spheroids
were compact and cohesive. Both drugs together completely
disaggregated the spheroid architecture and reduced the level
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of ATP content in the spheroid. The outcomes of this study
may help in proposing a valuable piece of information which
may open a new horizon for diagnosis and chemotherapeutic
management of highly resistant ovarian cancer patients.

Conclusion

This work highlights the cytotoxicity of cucurbitacin B on
cisplatin sensitive and resistant ovarian cancer cells and the
mechanism behind this effect. Moreover, cucurbitacin B sen-
sitized efficiently the resistant cells and the spheroids toward
the cytotoxicity of cisplatin through an increase in apoptotic
rate, by altering STAT-3 and ERK1/2 signaling pathways,
changing redox state of the cells, and increasing ROS produc-
tion via inhibition of Dyrk1B expression. To the knowledge of
the authors, this is the first report showing effect of
cucurbitacin B on spheroid morphology, and Dyrk1B as a
new target for cucurbitacin B and its effect on its kinase activ-
ity are worth further investigation. The results from this study
may provide a combination therapy to ovarian cancer in pa-
tients suffering from recurrence of tumor after initial cisplatin
treatment.
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